ABSTRACT : Three hundred and twelve female Tsaiya ducks from four lines (L1051, L1052, L1053 and L1054) were used in this study to investigate the changes in plasma calcium and inorganic phosphorus levels, blood pH, carbon dioxide partial pressure (pCO 2 ), bicarbonate ion concentration ([HCO 3 -]), and base excess (BE) during laying periods. The results indicated that plasma calcium and inorganic phosphorus concentration at 40 and 50 wks of age were higher (p<0.05) than those at other ages. Significant positive correlation coefficients were found between plasma calcium and inorganic phosphorus levels at each age tested from 20 to 50 wks. Ducks from L1053 showed lower (p<0.05) blood pH, BE and [HCO 3 -] as compared with other lines. Ducks from L1054 had higher (p<0.05) blood pH, BE and [HCO 3 -] than those of other lines showing that there were some differences on blood parameters among lines. Eggshell strength decreased with age up to 65 wks and remained constant thereafter. Egg weight increased gradually from 30 to 60 wks and decreased slightly after 70 wks of age. Plasma inorganic phosphorus level in 40 and 50 wks old birds was positively correlated with eggshell strength, while blood in 40 and 50 wks old birds was negatively correlated with eggshell strength. (Asian-Aust. J.
INTRODUCTION
Tsaiya duck (Anas platyrhynchos var. domestica) is a primary laying duck breed in Taiwan. The traditional way of raising laying Tsaiya ducks is on the floor. Laying ducks can also be raised in cages. The egg production of ducks raised in cages is comparable to that of ducks raised on the floor, however, eggshell quality declines with age in cage feeding (Lee et al., 1991) , as observed in laying hens (Izat et al., 1985) . There was a significant positive correlation (r=0.77) between shell calcium and eggshell quality as assessed using deformation measurements, but a negative correlation (r=-0.50) between shell magnesium and shell quality was noted (Atteh and Leeson, 1983) . The plasma calcium concentration of a chicken line laying eggs with thick shells is higher than a line laying thin eggshells (Koch et al., 1984) . The plasma calcium concentration steadily decreased during egg formation from 32.0 mg/dl at 4 h postoviposition to 23.3 mg/dl at 22 h postoviposition (Van de Velde et al., 1986) . In a study with ducks, it was found that, the ratio of serum calcium to inorganic phosphorus was higher in laying ducks than in nonlaying ducks (Cheng and Shen, 1985) . During shell formation, there is a decrease in pH of blood in hens (Hodges, 1970) . Mongin (1968) suggested that acid-base balance was an important factor influencing eggshell strength in laying hens. From this information it is clear that the data on blood parameters in ducks are not well established. The changes of blood parameters in laying ducks during egg production period must be determined. Therefore, this study was designed to investigate the changes in plasma calcium and inorganic phosphorus levels, blood pH, carbon dioxide partial pressure (pCO 2 ), bicarbonate ion concentration ([HCO 3 -]), and base excess (BE) during the laying periods of Tsaiya ducks from four different lines to establish the basic blood parameters in ducks.
MATERIALS AND METHODS
Four lines of Tsaiya ducks used in this study were the sixth generation of L1051, L1052, L1053 and L1054 maintained at the Duck Research Center of Taiwan. These ducks came from different local farms but were selected based on the same index for improving egg production and eggshell strength. The establishment of these lines has been described by Lee et al. (1992) . In this study, 84 female ducks from each line were randomly selected at birth. The management of ducks during growing period was described by Lee et al. (2002) . The ducks were housed in two-tier individual cages (30×33×45 cm) at 12 wks of age. A long and deep trough feeder was set in front of the cages with a nipple drinker behind every two cages. Body weight was recorded individually at 14, 20 and 40 wks of age. Light was maintained at 16 h/d after 2 wks of age. The composition diets of starter, grower and layer is shown in Table 1 . Feed and water were supplied ad libitum throughout the experimental period except the blood sampling day. Feed was removed for 4 h before blood sampling. The egg production of each duck was recorded in the morning after the first egg was laid. Beginning at 30 wks of age, egg weight and eggshell strength were measured for 5 consecutive days in a 5 wk interval. Eggshell breaking strength was measured by compressing two ends of the egg with a load rate of 50 mm/min using a Vertical Tensile Tester (Model HT8335, Hung Ta Co., Taichung, Taiwan).
Blood samples were collected from 78 ducks from each line at 15:00 h on 3 consecutive days with 26 ducks per day at 20, 25, 30, 40 and 50 wks of age. In each duck, about 4 ml of blood was drawn from the brachial vein into a syringe containing heparin. Air was expelled and the syringe was sealed immediately with a plastic cap to prevent carbon dioxide loss. Samples were stored in ice as soon as possible. Blood pH and pCO 2 adjusted to a body temperature of 41 °C were measured within 3 h using a blood gas analyzer (Model 158, Ciba-Corning Diagnostics Corp., Medfield, MA), BE and were calculated from the two measured values at the same time (Ciba-Corning, 1988) . After measurement, blood samples were centrifuged 1,000×g for 10 min, and plasma samples were taken and frozen at -21°C until analysis. Plasma calcium was measured by diluting 0.1 ml plasma to 10 ml with 0.1% La 2 O 3 solution using an Atomic Absorption Spectrophotometer (Model 3100, Perkin Elmer Corp., Norwalk, CT). Plasma inorganic phosphorus was measured by spectrophotometer (Model DU-60, Beckman Instruments Inc., Fullerton, CA) following the method of Chen et al. (1956) . Blood parameter data were subjected to mixed model analysis using the MIXED procedure of SAS  (SAS, 1996) .
The model included line, age and the interaction of line with age as fixed effects and declared the sampling day as a random effect. The contrast statement in the MIXED procedure separated mean differences. The blood parameter data from ducks without eggs in the oviduct at sampling time were discarded. Mean differences of egg weight and eggshell strength were separated using the probability of difference option of least squares mean statement in the General Linear Models (GLM) procedure. GLM procedure and Tukey's honest significant difference test were used to compare the line differences of body weight, age of first egg and egg production rate. Differences were considered to be significant at p<0.05.
RESULTS AND DISCUSSION
The performance of the Tsaiya ducks used in this study is shown in Table 2 . There were no significant differences in egg production rate among 4 lines (L1051, L1052, L1053 and L1054). Ducks from L1054 showed higher body weight than those in other lines. Ducks from L1054 showed early sexual maturity than those in L1053. Studying on 1 st to 4 th generation performance of Tsaiya ducks, Lee et al. (1992) indicated that ducks from L1054 showed higher body weight at 40 wks of age than those in other lines. Ducks from L1053 showed later sexual maturity than those in L1052 and L1054 from 1 st to 3 rd generation. Ducks from L1053 showed higher egg production rate than those in L1054 from 2 nd to 4 th generation. Ducks from L1054 also showed higher body weight and early sexual maturity than those in other lines in 6 th generation. However, there was no difference in egg production rate among 4 lines in this study. This means that ducks would tend to exhibit similar performance based on the same selection index.
The effects of age and line on plasma calcium and inorganic phosphorus levels in laying Tsaiya ducks are shown in Table 3 . The combined plasma calcium concentration for ducks from 4 lines was highest at 40 and 50 wks of age and lowest at 20 and 30 wks of age. Ducks from L1051 and L1052 had higher overall plasma calcium levels than others. Among all ages, plasma inorganic phosphorus level at 40 wks of age was the highest and the lowest was at 20 and 30 wks of age. Ducks from L1052 showed higher plasma inorganic phosphorus level than those in L1053 and L1054. Significant positive correlation coefficients (0.55 to 0.65) were found between plasma calcium and inorganic phosphorus levels at each age tested from 20 to 50 wks. Similar results were reported by Wideman and Buss (1985) with Leghorn hens. This high positive correlation may be due to close coordination of these two variables in the metabolism. The plasma calcium level of ducks during the laying period in this study was similar to the results of Cheng and Shen (1985) , but was higher than the results of Parsons and Combs (1981) with 18 month old Leghorn hens. Chen and Shen (1989) also reported that the ducks retained more calcium from feed than Leghorn hens, and the calcium content in the duck eggshells was significantly higher than those of hens. As for inorganic phosphorus level, Wideman and Buss (1985) indicated that the range of plasma inorganic phosphorus from blood collected between 2.5 and 4.0 h postoviposition at 35 wks of age in different lines of laying hens was 5.8 to 7.6 mg/dl. Our results were higher than those obtained by Wideman and Buss (1985) . This might be due to differences in blood collection time and species. In a study on Khaki Campbell ducks, Simmons and Hetzel (1983) indicated that the ovum spent 15 to 30 min in the infundibulum, 2.5 to 3 h in the magnum, 2 to 2.5 h in the isthmus and 18.6 h in the shell gland with overall less egg formation time than laying hens. The oviposition time of Tsaiya ducks was known to be between 23:00 and 05:00 (Lee et al., 1990) , so blood samples in this study were collected at about 15:00 in which eggshell formation was in progress. Mongin and Sauveur (1979) reported that the plasma phosphorus of Leghorn hens varied from 2.5 mg/dl at 10 h postoviposition to 4.2 mg/dl at 22 h postoviposition. Cheng and Shen (1985) indicated that serum inorganic phosphorus of Tsaiya ducks was lowest (5.55 mg/dl) at 3 h postoviposition, and highest (10.02 mg/dl) at 15 h postoviposition. Calcium and phosphorus content in bone ash of laying hens were 37 and 17%, respectively, and were 38 and 0.08%, respectively, in eggshell ash (Atteh and Leeson, 1983) . Because of higher content of phosphorus in bone than in eggshell, the release of calcium and phosphorus salts from bone might result in a higher inorganic phosphorus level in the plasma. The effects of age and line on blood pH and base excess (BE) in laying Tsaiya ducks are shown in Table 4 . Blood pH was at the highest level at 30 wks of age and at the lowest level at 50 wks of age. Among 4 lines, blood pH was highest in L1054 ducks and lowest in L1052 and L1053 ducks. Blood BE was highest at 30 wks of age and lowest at 20, 25 and 40 wks of age. Similar to blood pH, blood BE was highest in L1054 ducks and lowest in L1052 and L1053 ducks. Blood pCO 2 was at the highest level at 50 wks of age and at the lowest level at 20 and 25 wks of age (Table 5) . Ducks from L1052 showed higher blood pCO 2 than those in L1051 and L1054. Blood [HCO 3 -] at 30 and 50 wks of age was higher than those at other ages (Table 5) al. (2002) indicated that ducks of L1054 had heaviest body weight and earlier age of first egg accompanying with highest blood pH, BE and [HCO 3 -] among 4 lines in growing period. The similar phenomenon was observed in laying period showing that there were some differences on blood parameters among 4 lines. This study showed lower blood pH and higher blood pCO 2 than the results of Balnave et al. (1989) in Leghorn hens at 2 h before oviposition, which might also be due to differences in blood collection time and species. Lee et al. (2002) indicated that age significantly affected all of these blood parameters in growing period of Tsaiya ducks. Blood [HCO 3 -] steadily increased from 20.9 mmol/l at 5 wks of age to 24.8 mmol/l at 14 wks of age and blood pCO 2 changed from 38.5 mmHg at 11 wks of age to 54.8 mmHg at 14 wks of age. The change in blood parameters during the growing period may be due to the sexual maturity and estrogen secretion. The blood parameters were stable in the laying period compared with the growing period in Tsaiya ducks. The eggshell strength gradually decreased with age and the egg weight increased up to 70 wks of age (Table 6 ). The eggshell strength decreased from 3.98 kg at 30 wks to 2.69 kg at 65 wks of age, and then stabilized. Egg weight increased about 6.1 g from 30 to 60 wks of age, and then decreased slightly after 70 wks of age. No significant interactions between line and age were found for egg weight, and eggshell strength. There was no difference for eggshell strength and egg production among 4 lines, while L1052 birds produced lighter eggs than the other lines. Roland (1979) found that eggshell quality declined as a hen aged. This might be due to the continuous increase in egg size. Izat et al. (1985) indicated that shell weight increased with increasing age in laying hens whereas the percentage of shell in an egg decreased. In this study, the decrease in eggshell strength before 65 wks might be due to an increase in egg weight. According to the time profile analysis, there was a significant (p<0.01) quadratic effect between egg weight and age, while a significant (p<0.01) linear effect was obtained between eggshell strength and age. As shown in Table 6 , eggshell strength decreased by 0.03 kg per week in a type of linear regression. Eggshell strength decreased by 34.7% while egg weight increased by 5.3% between 30 and 80 wks of age. Eggshell strength of 50 wks of age was one of the selection traits. The correlation coefficients for eggshell strength between 50 wks old and other ages for 4 lines were found to be significant as shown in Table 7 . This means that eggshell strength at 50 wks of age is able to represent the eggshell strength for the duck during a laying period from 30 to 80 wks of age. Correlation coefficients between eggshell strength and the various blood traits were determined in this study (Table 8 ). There was a significant negative correlation between blood and eggshell strength at 40 (r=-0.14) and 50 (r=-0.15) wks of age. A significant positive correlation coefficient was found between plasma inorganic phosphorus and eggshell strength at 40 (r=0.15) and 50 (r=0.18) wks of age. In a study on Leghorn hens, Paul and Snetsinger (1969) found a low correlation between shell breaking strength and plasma calcium content or plasma inorganic phosphorus level. While Hamilton and Thompson (1980) found a weak relationship between the blood acid-base variables and shell quality in laying hens. The correlation between eggshell strength and blood or plasma inorganic phosphorus found in this study, which might be practicable for eggshell strength improvement in ducks raised in cages.
Though, ducks would tend to show similar performance on selection traits based on the same selection index, ducks from L1053 showed lower blood BE and [HCO 3 -] compared with the other lines. Ducks from L1054 had higher blood pH, BE and [HCO 3 -] than those from other lines. Because of the stable diurnal rhythm during the laying period, the age effect was slight on blood parameters compared with the growing period of Tsaiya ducks. 
